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Ceramic matrix composites are leading candidate materials for a number of applications 
in aeronautics, space, energy, and nuclear industries. Potential composite applications 
differ in their requirements for thickness. For example, many space applications such as 
“nozzle ramps” or “heat exchangers” require very thin (< 1 mm) structures whereas 
turbine blades would require very thick parts (> 1 cm). Little kas^ e en 4eres i i ga.ted a s4 o 
the effect of thickness on stress-strain behavior orjefevated temperature tensile properties 
controlled by oxidation diffusion. In this study, composites consisting of woven Hi- 
Nicalon™ fibers a carbon interphase and CVI SiC matrix were fabricated with different 
numbers of plies and thicknesses. The effect of thickness on matrix crack formation, 
matrix crack growth and diffusion kinetics will be discussed. 

In another approach, hybrid fiber-lav up concepts have been utilized to “ all oy” 

CiSSiraoie propCi ties u± Ciii.iwi.cxit xiocr-x^yucb ici Axievn&uicixi ope*. ties, nieiAnicii xsticbo 

management, and oxidation resistance. Such an approach has potential for the Cf-SiC and 


SiCf-SiC composite systems. CVI SiC matrix composites with different stacking 

sequences of woven C fiber (T300) layers and woven SiC fiber (Hi-Nicalon™) layers 
were fabricated. The results will be compared to standard C fiber reinforced CVI SiC 
matrix and Hi-Nicalon reinforced CVI SiC matrix composites. In addition, shear 
properties of these composites at different temperatures will also be presented. Other 
design and implementation issues will be discussed along with advantages and benefits of 
using these materials for various components in high temperature applications. 
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Potential Benefits of Hybrid Lay-Up in 
Ceramic Matrix Composites 

Vary plies {fiber-types) to manipulate residual stress 
arid matrix cracking 

Create “oxidation fire-walls” to stow down oxidation of 
Cfibers 

Can manipulate ply sequence for thermal-degradation 
(e.g-, > SiC fibers on cold side and > C fibers on hot 
side) or residual stress-management 
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• 20 “EPM” doghone specimens for each (12.6 mm in grip.; 10 mm in gage) 

• Vi the dogbone specimens seal-coated with SiC and the other % seal-coated with CBS coating 

• RT tensile with acoustic emission and elevated temperature stress-rupture tests were performed in 
air 


8% HN 
30% 1300 
o Total V, 


C-fiber ply 


14% HN 
21% T300 


~ 2.2 mm 
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Crack Density. #nw 


Matrix Cracking m Hybrid C/S1C Fiber CV3 SIC Composites 


Composite A 


0 ° 

Cracking 


Surface 

Cracking 


Composite B 



200 

Stress, MPa 


Composite C (G-fiber only) 


Matrix cracks j t « ■ 
counted over 10 I | to- 
mm length on | | s- 
surface and along i | e - 
0° bundles on f 4 ■ 

interior 1 ° 2 

n - — 
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□ C Surface 
OC- Oo 


Matrix cracking 
increases with 
stress similarly 
whether in C plies 
or HN plies 
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High Temperature Stress-Rupture Behavior in 
for Hybrid C/SiC Fiber CVI SIC Composites 


Temperature 
Dependence 
for 69 MPa 
Rupture in Air 


failed outside HZ A 


Increasing 
SIC Fiber 
‘ Content 


-*-A 
O Aw/CBS 
-A- B 

-a- B w/CBS 
Std. C-SiC 

O Std. C-SiC w/CBS 


_ CBS 
seal-coated 


SIC 

seal-coated 


Hot Zone Temperature, C 

CBS coating provides best benefit at low stresses - no dlscernable difference 
for different fiber contents , 

Some benefit with more HN fibers for specimens not coated with CBS ^ ' 
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High Temperature Stress-Rupture Behavior in Air 
for Hybrid C/SiC Fiber CVI SiC Composites 


81 5C Stress-Rupture 


Stress 

Dependence 
for 815°C 
Rupture in Air 


O A w/CBS 

-A — B 

-A — B W/CBS 
ffl C-SiC 
-O-C-SiC w/CBS 


CBS coating provides best benefit at low stresses - no discernabte 

difference for different fiber contents j | iW /f 

Some benefit with more HN fibers for specimens not coated with CBS 
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increased loading of HN In C+HN/SiC due to 
oxidation of C fibers will be too great to 
significantly prolong rupture life in air 


£ 1000 
W 

to 

£ 800 
co 


Load if total load shed 
to HI-Nicaion 


815°C stress-rupture of 
J HN/C/CVI SiC 


X 

B) X 


H <— Initial load from load-sharinc 

SiC Seal Coat Ct 


Time, hr 










Composites with Hybrid Lay-up 

Summary and Conclusions 

• Composite plates with alternating C and HiNicalon fiber 
plies could be fabricated with some delamination ™ 
probably better suited for tube shaped structures 

« HN plies do increase stiffness; however, this is mostly 
due to higher modulus of HiNicalon 
- Matrix cracking occurred at low stresses for all of the 
C fiber-containing composites 

• Minor Intermediate temperature stress-rupture 
improvement observed for HiNicalon containing 
composites 

• CBS coating significantly Improves stress-rupture life at 
low stresses, regardless of C and HiNicalon content 
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Physical Properties of Composite Specimens 

1 1 SpeefePBi* j t. | I -p'~~ T 

Spfcitonsn j weavo | stojv* j mm j t | t, j t** j 


ana cusj a 2 ss c?a cia #.M : (MU 

v : ----- • fl^. A ' 23 $ . c i< c ofr '<1.36 _ oy 

~*nr0& " sits tfoa B'- 2 «e an i os n «b a u 

’ 8 P% (B! ^ : ■ 5!fS dog-e 2 38 0,33 : COS a <T . ~ ’ ^ . 0.13 

Stand&v thick Panels 

™5H8 (toss' * 6 <80 1 034 T 0.04 0.45 ^ i/.t? 

36 Ply (C) 5HS dog-B 10 50 J 0 34 J 0.04 0.43 0 10 

Oatamlnat&d Tnlr Panels 

TflyftV 5HS Stiaight 4 0:38 036- T CUM ^ 0.2 8 

2 Ply (O) SH8 Straight 0.7 3 0 28 j 0.04 0.33 0 35 

3 Ply (C) 5HS Straight O.S2 6A2 J"o.Q4 0.35 0 28 

Epoxy Iniltrated Panels 

E8Pty-5HS(BSi.t) 5HS dog-B 2.45 0.32 0.05 0.25 0.38 

E6Ply-5HS(BN2) 5 US dog-B 2.45 0.32 0.05 0.27 0.35 

E8Ply-8HS(BN) 8HS dog-B 2.37 0.33 0.05 0.29 0 33 

a Dogbonc tensile specimen 203 mm in length, approximately 15.5 inm in width at grip section and 10,3 min in width at gage section 
b Dogbone tensile specimen 152 mm in length, approximately 12.6 mm in width at grip section and 10.3 mm in width at gage se 
3 Straight-sided tensile specimenlS2 mm in length and approximately 12.6 mm in width throughout. | 
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0:38 

0 26 

0.04 
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0.32 
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Tensile Stress-Strain Behavior of Different 
HiNIcalon-CVi SiC Composites 


500 

450 

400 

350 

m 

| 300 
i/T 250 

to 

! 200 

M 

150 


8 Ply (BN3); E = 258 GPa 
fo = 0.17: 2.5 mm thick 

36 Ply; E = 217GPa \ 
fo = 0.17; 10.5mm thick \ 

3Ply; E = 114GPa \ \ 

f 0 = 0.16; 

0.92 mm thick r 


8 Ply (BN2): E = 244 GPa 
fo = 0.16; 2.5 mm thick 
30 Ply; E = 221 GPa 
fo = 0.17; 8.8 mm thickJ^x^\j*' 


\ E8Ply-8HS; E = 1 18 GPa 
\ f o = 0.1 7; 2.37 mm thick 

2 Ply; E = 102 GPa E8Ply-5HS; E = 108 GPa 
f 0 = 0.14; 0.76 mm thick f 0 = 0.16; 2.45 mm thick 


JS P!y (3N1); E = 203 GPa 
'fo = 0.18; 2.35 mm thick 


x 8 Ply (C); E = 177 GPa 
fo = 0.14; 2.88 mm thick 


f 0 refers to the volume 
fraction of fiber in the 
loading direction 


0.4 0.6 

Strain, % 
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Normalized Cumulative AE Energy versus Strain 


iHS epoxy 


Strain, % 
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Normalized Cumulative AE Energy versus Stress 


mm 
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Estimated Crack Density versus Stress on SiC 
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Effect of Composite Thickness 
Summary and Conclusions 

The effect of constituent content on elastic modulus and 
matrix cracking behavior not only depends on the relative 
amounts of constituents, but also on the effectiveness of 
the structure, i.e., 90 Q minicomposites, to carry toad. 

Lower density compositeshavive™ little load -carrying 
contribution from 9$* mlnicomposit^s when loaded in the 
0° direction. 

Higher density composites were affected by 90° 
minicomposites as low-stress flaw sources, whereas the 
matrix cracking behavior of low density 2D woven 
composites were not and behave very much like single tow 
minicomposites as opposed to high density 2D woven 
composites. 
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